This paper describes a summit on Community Colleges in the Evolving STEM Education Landscape organized by a committee of the National Research Council (NRC) and the National Academy of Engineering (NAE) and held at the Carnegie Institution for Science on December 15, 2011. This summit followed a similar event organized by Dr. Jill Biden, spouse of the Vice President, and held at the White House in October 2010, which sought to bring national attention to the changing missions and purposes of community colleges in contemporary American society.[^1^](#FN1){ref-type="fn"} The NRC/NAE event built on the White House summit, while focusing on the changing roles of community colleges in science, technology, engineering, and mathematics (STEM) education. An in-depth summary of the summit was prepared by the NRC and NAE for publication in late Spring 2012 by the National Academies Press ([@B20]). This paper provides a synopsis of that report, which is available at [www.nap.edu/catalog.php?record_id=13399](http://www.nap.edu/catalog.php?record_id=13399), and emphasizes how we can use the report to improve STEM education for our students, but also how much progress still needs to be made to realize this ideal.
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As participants at the summit emphasized, the traditional notion of a cadre of students moving smoothly through a pipeline from high school to a community college and then to a 4-yr college or university is providing an increasingly inadequate and incomplete picture of today\'s postsecondary students. The presentations from the summit, summarized here, collectively make a compelling case that it would be a mistake for any 4-yr institution to ignore or dismiss the importance of community colleges, with their many roles in and contributions to improving STEM education. Leveraging these new realities will create new opportunities for improving STEM education for a much larger and more diverse population of college students through strategic and dynamic partnerships between 2- and 4-yr colleges and universities. These findings have broad utility both for readers of *CBE---Life Sciences Education* in our efforts to improve biology education in particular and STEM education more generally, and for the departments and institutions in which the strategies are employed.

BACKGROUND
==========

Community colleges are becoming an increasingly important sector of the higher education community in the United States. With nearly 6.5 million students enrolled annually (46% of the nation\'s undergraduates), the nearly 1200 community colleges across the United States educate large numbers of students at a much lower cost than 4-yr institutions (e.g., [@B6]). Students at a community college are typically far more diverse than their 4-yr counterparts in the same geographic location. Forty-seven percent of all African Americans, 47% of all Asian or Pacific Islanders, 55% of all Hispanics, and 57% of all Native Americans who are enrolled as undergraduates in the United States are currently studying in the nation\'s community colleges (compared with more than 3000 4-yr colleges and universities). Enrollments of these minority students are thus far higher in community colleges than in many non-minority-serving 4-yr institutions. Half of all baccalaureate degree recipients began their college careers at community colleges ([@B18]; [@B8]).

Community colleges fulfill multiple missions. Some have established ongoing relationships with local community organizations, governments, and businesses, which allows them to respond quickly to changing community needs. They may retrain displaced workers in skills needed by local businesses and open gateways to individuals who would otherwise lack the preparation or financial resources needed to receive a college education ([@B4]; [@B6], b). The College Board\'s [@B18], p. 5) argues that community colleges "are the nation\'s overlooked asset. As the United States confronts the challenges of globalization, 2-yr institutions are indispensable to the American future. They are the Ellis Island of American higher education, the crossroads at which K--12 education meets colleges and universities, and the institutions that give many students the tools to navigate the modern world."

Community colleges are also playing increasingly important roles in preparing grade K--12 teachers. The community college system has long been involved with preservice preparation of teachers, including teachers of mathematics and science (National Science Foundation \[[@B23]; [@B27]; Townsend and Ignash,[@B31]; [@B2],[@B1]; National Association of Community College Teacher Education Programs [@B16; @B17]; [@B24]; [@B9]). Nearly half of elementary and middle school preservice teachers take some or all of their mathematics and science courses at 2-yr colleges ([@B23], [@B21]). However, as is summarized in this article, multiple barriers remain, inhibiting successful transfer to 4-yr institutions for would-be teachers (see, e.g., [@B30]).

Increasing numbers of community colleges also offer professional development for in-service teachers. According to the [@B16; @B17], many community colleges offer focused courses, workshops, and institutes that boost teacher competency, especially in math, science, and technology. And many 2-yr collaborative preservice and professional development programs between K--12 school districts and higher education involve community colleges.

The roles of community colleges in the preparation of students for the STEM workforce are also becoming more visible and essential. Nearly half of U.S. students with bachelor\'s degrees in science and engineering attended community college at some point during their education ([@B32]). Almost one-third of the recipients of science or engineering master\'s degrees began their postsecondary education at a community college. As noted above, nearly half of the nation\'s teachers, including teachers of science and mathematics, completed at least some of their mathematics or science courses at community colleges.

Some states now permit community colleges to offer baccalaureate degrees in certain fields (Floyd *et al.*,[@B10]; [@B12]; [@B28]). Institutions that offer these degrees have established the Comprehensive College Baccalaureate Association to represent them. A few community colleges award graduate degrees. And, according to Dr. George Boggs, former president and CEO of the American Association of Community Colleges, increasing numbers of students who have earned baccalaureate or advanced degrees are returning to community colleges to complete some aspect of technical or skills training ([@B4]).

A significant reason for the increasing enrollment in community colleges is their lower cost compared with 4-yr institutions. Although the absolute numbers are changing rapidly due to the current reductions of support for higher education in local budgets, community colleges charge far lower tuition than their 4-yr public or private counterparts, sometimes by an order of magnitude (∼\$2,500 per year for community colleges vs. \$7,000 to \$18,500 per year for public universities \[in-state and out-of-state students, respectively\] and \$26,000 average per year for private universities).

This growth and transformation in the nation\'s community colleges is allowing them many more opportunities to be partners in STEM education with 4-yr colleges and universities. However, many educators and education policy makers at local, state, and national levels are largely unaware of these changes. Differences in governance, financial support, institutional cultures, and the roles of faculty at the nation\'s 2- and 4-yr postsecondary institutions have led to a series of challenging issues that can impede the successful recruitment of and completion of degree programs by students who opt (or are forced) to begin their college careers in community colleges. At the same time, resolution of these issues can significantly improve opportunities for STEM-oriented students. Some of these issues include: Interactions between 2- and 4-yr postsecondary institutions, including articulation agreementsInteractions between community colleges and secondary education, including dual enrollments and crediting for high school studentsSTEM education pathways and their effects on employment of community college graduatesMechanisms to aid community colleges in broadening participation for students, especially those from underrepresented populationsStandards for community college faculty, including credentialing and the use of adjunctsNature and quality of STEM instruction at community colleges (although this is an important issue at many 4-yr institutions as well)Availability and quality of student advisingQuantification of the economic impact resulting from community colleges\' preparation of students for the workforce (at the community, state, national, and global levels)Quantification of the completion rate for students at community colleges, including whether the appropriate indicators for success are being measuredNature and levels of external funding for community colleges

Examining Important Issues Related to the Intersections and Increasing Interdependence of Community Colleges and 4-yr Colleges and Universities
-----------------------------------------------------------------------------------------------------------------------------------------------

Given the complexities of STEM higher education and the new roles that community colleges are playing, a coordinated set of targeted studies analyzing and synthesizing existing data, and efforts to communicate these findings broadly, would greatly benefit community colleges themselves, as well as the institutions and organizations with which they interact. This broader community consists of K--12 education; 4-yr colleges and universities; business and industry; and local, state, and federal governments and policy makers. With these perspectives in mind (coupled with earlier work from the NRC to address articulation pathways for students from traditionally underrepresented populations \[[@B15]\] and for students in engineering programs \[NAE and NRC,[@B10]\]), the Academy approached the NSF to undertake one or more studies and related convening activities that would address the aforementioned issues as they relate to STEM education more broadly.

Following several discussions with program officers at NSF (Advanced Technological Education program and the Division on Undergraduate Education), the staff directors of the NRC\'s Teacher Advisory Council,[^2^](#FN2){ref-type="fn"} Board on Higher Education and Workforce,[^3^](#FN3){ref-type="fn"} Board on Life Sciences,[^4^](#FN4){ref-type="fn"} and the Education Program Office of the National Academy of Engineering[^5^](#FN5){ref-type="fn"} worked together on this proposal. Our goal was to organize and convene a summit that would address the changing and evolving dynamics between 2- and 4-yr colleges and universities around STEM education and the opportunities that might be afforded to both sectors and their students and faculty through more strategic collaborations and articulation agreements.

That proposal was approved, and an organizing committee was assembled (see *Acknowledgments* for names and affiliations of committee members). The committee and staff chose three scholars to draft commissioned papers on 1) outreach and partnerships between 2- and 4-yr institutions; 2) transfer and articulation issues; and 3) developmental (formerly called remedial) courses, in this case with an emphasis on mathematics. These papers were shared with summit participants prior to the event. Those draft papers, along with the summit agenda, biosketches of organizing committee members and presenters, and additional resources, such as PowerPoint presentations and videos from the webcast of the plenary sessions, are all available on the summit\'s website.[^6^](#FN6){ref-type="fn"} Revised versions of the commissioned papers are included as appendices in the summary report of the summit.

Some 100 invitees from a broad spectrum of experts in K--12 and higher education and education research and policy; program officers from a number of departments and agencies of the federal and state governments; and representatives from private foundations, business and industry, and professional and disciplinary societies registered to attend the summit. At least 150 people were estimated to have participated via a live webcast of all plenary sessions.

A brief overview of the plenary presentations in the order in which they were delivered is provided below, along with observations from the oral presentations of break-out groups. (The Academy\'s more detailed and expansive summary report weaves these sessions and participant observations into a narrative based upon a series of themes that emerged during the summit.)

### STEM Education and the World of Work.

In her presentation, "Community College Opportunities and Challenges in STEM," Jane Oates, Assistant Secretary of the Employment Training Center of the U.S. Department of Labor, described the department\'s interest in community colleges. The Department of Labor focuses its attention and programs on students who do not complete high school and adults who return to school for retraining after losing their jobs. Under the Trade Adjustment Assistance Community College and Career Training Grant program, the Department of Labor is awarding a total of \$2 billion over 4 yr to help prepare students for successful careers in growing and emerging industries.[^7^](#FN7){ref-type="fn"} The department has recently instituted rigorous evaluation of both grants and formula funds that are distributed to states. In the first round of these grants, consortia of institutions that formed around needs of particular sectors, such as advanced manufacturing, healthcare, and engineering, received about 60% of the \$500 million distributed. These consortia developed new curricula based on the needs of employers and developed new methods of delivering educational content, such as online learning. Community colleges are the point of entry for many people who could benefit from such programs.

The Department of Labor has supported the development of other web-based tools as well, such as My Skills My Future,[^8^](#FN8){ref-type="fn"} which allows people to see jobs that are currently available. Similarly, My Next Move[^9^](#FN9){ref-type="fn"} allows dislocated workers, especially military veterans, to search by zip code for jobs and to match jobs with additional skills that they have acquired through postsecondary training of some kind. In collaboration with the U.S. Department of Education, the Workforce Innovation Fund[^10^](#FN10){ref-type="fn"} showcases innovations and partnerships between the workforce sector and community colleges. "The time is right for us to talk about the rigor and the wonder and the innovation that are going on in community colleges," Oates said. "We have for too long seen them as a stepchild, and they can do amazing things."

### Challenges of STEM Education Pathways.

Eric Bettinger, Associate Professor for Education and Economics at Stanford University, discussed "To Be or Not to Be: Major Choices in Budding Scientists." His work involves analyses of students\' choices of majors and how those decisions change over the course of a 2-yr and a 4-yr education ([@B3]). His data from Ohio are for the 1998--1999 cohort of incoming students who took the ACT precollege examination and indicated their initial preference for a major in college. The data set has enabled him and his colleagues to follow choices that these students made in subsequent years. In a total sample of 18,000 students, 8.0% indicated an interest in the biological sciences and 11.7% in the physical sciences and engineering. These numbers are 5.5% and 9.4% for those who attend community colleges. The students at 2-yr institutions have somewhat lower average ACT scores than the average for all students, but their aspirations and academic characteristics are similar to those in 4-yr colleges and universities.

Among all students who declared an intention to pursue a STEM major, only 43% were still in a STEM field at the time of their last enrollment, with the rest moving to other majors. However, only 14% of the students at community colleges who intended to major in a STEM field were still in a STEM field at the time of their last enrollment. Almost half of all students who left STEM switched to business majors (48.7%). Other popular majors for switchers included the social sciences (21.2%) and education (11.1%). Among 2-yr switchers, about 30% switched to business majors, and slightly less than a quarter each went to social science and education majors. Only 5.5% of non-STEM majors for all institutions, and only 3.4% of non-STEM majors at 2-yr institutions, ultimately declared a major in a STEM field. These statistics have critical implications for the United States, given the increasing demand for workers with qualifications and training in STEM ([@B25]).

Bettinger listed five possible reasons for the relative lack of U.S. students pursuing STEM majors in 2- and 4-yr institutions: Lack of preparation in grades K--12 to enter STEM fieldsLow student interest in entering STEM fieldsDifficulty of returning to a STEM major if students decide to leave early and then change their mindUnhappiness with the culture of STEM fields in higher educationInsufficient rewards to justify the time and level of work required to complete a degree in STEM fields

He noted that students start switching away from STEM majors during their first semester in college. Regardless of the type of institution, the students most likely to leave STEM majors take fewer STEM courses their first semester (\<40% of their course load), rather than more. The relatively small cohort of students who convert to STEM majors also take relatively few STEM courses their first semester. The students who do leave STEM majors are just as likely to pass their initial STEM courses, so the difficulty of the courses or lack of preparation does not seem decisive. But the course demands for STEM majors are high and require commitment. However, as Bettinger observed, some of the majors to which students switch, such as education, also have extensive course requirements, albeit they are not as sequential as those for STEM majors.

Bettinger\'s data also show that women are significantly less likely to stay in STEM fields, even among top students, which suggests, he said, that the culture of STEM may be a factor in their decisions. Since female students take STEM courses in high school and still express an interest in majoring in those subjects, the cultural problems would need to start or intensify in college for this explanation to hold. According to Bettinger\'s research, African American students in 4-yr colleges are less likely to defect from STEM majors than other students, especially among the top African American students. However, that is not true at 2-yr colleges, where there are no statistical differences between African American students and other students.

One factor in students\' decisions about majors is the amount of money they potentially could earn after graduation. About three-quarters of all college students agree in surveys that an important objective of a college education is to be "well off financially" ([@B26]), and some colleges have increased their focus on vocational offerings. This is especially observed at 2-yr colleges, as in most cases it is part of their mission.

### Three Primary Foci of the Summit.

The three authors of the commissioned papers, Becky Wai-Ling Packard (Mount Holyoke College), Debra Bragg (University of Illinois, Urbana--Champaign), and Alicia Dowd (University of Southern California), each briefly summarized their papers before engaging in a panel discussion with the audience.

### Factors Influencing Student Choices to Pursue STEM Degrees.

Becky Packard described an "ecological model" that examines the many environmental factors and the relationships among them that affect students\' choices. Choices can be influenced by home, school, workplace, and other contexts, such as access to resources, transportation, financial aid, and child care. Many students, particularly first-generation and low-income students, do not know how to navigate the college and financial aid application process successfully. Financial considerations can be a significant barrier to college entrance and persistence. Further, students often lack information on transfer requirements and what they are likely to experience if they do transfer. When students gain mentoring in multiple contexts, they are more likely not only to persist in college but in a STEM major.

Packard highlighted several of the recommendations from her background paper. First, more students and families need to understand the differences between a technical degree from a career institute and the community college transfer pathway to a 4-yr STEM degree. They need to know much more about the broadening opportunities in STEM careers and should be exposed to STEM occupations; they will then be ready to learn what they need to do to qualify for those occupations. Excellent models already exist, and these are detailed in her paper.

*Dual Enrollment.* Any hands-on program designed to attract students into STEM needs to be paired with academic preparation, Packard said. She suggested an expansion in STEM-specific, dual-enrollment programs that pair community colleges or universities with high schools, in addition to more common outreach and recruitment strategies. Both honor students and struggling students can benefit from dual-enrollment courses, because taking college classes during high school can motivate students to continue their education. In addition, she contended that high school students should be able to use their college classes to fulfill a high school requirement, which would allow students greater flexibility.

*Mentoring.* Research on mentoring is robust, sophisticated, and rigorous, Packard noted. Most of the newer studies are comparative, longitudinal, or control for self-selection issues. However, more research is needed on how to create more effective mentoring programs and bring effective mentoring programs to scale. She noted that NSF has a mentoring requirement for grants that engage postdoctoral researchers, and suggested that there is no reason why this provision could not be extended to graduate and undergraduate students. Finally, informal mentoring and advising need to be infused by faculty into all courses, and especially at community colleges. Mentoring cannot be done through supplemental programs alone.

Packard noted that the American Institutes for Research has estimated that more than \$4 billion in grants and state allocations are lost when new, full-time community college students do not return for a second year of study ([@B29]). As a consequence, Packard stated, "The only thing more expensive than fixing retention in community college is not fixing it."

### The Challenges of Developmental Courses and Maintaining Student Success in Mathematics.

In her overview, Debra Bragg said that many see mathematics as the backbone of the STEM pipeline. The typical mathematics sequence in U.S. education progresses from arithmetic to algebra to geometry to trigonometry to calculus. Many more students have recently embarked upon this progression in 2-yr institutions---from about one million students enrolled in 2-yr mathematics and statistics programs in the early 1980s to more than two million today.

Over the past three decades, about 47% of mathematics enrollments in higher education have been at the 2-yr level. However, 57% of the students enrolled in 2-yr college mathematics are enrolled at the precollege, noncredit level. Elementary algebra, which is usually one to two levels below college-level algebra, commands the largest enrollments, and most students do not move beyond that level. About 7% of enrollments are in calculus, and another 7% are in statistics courses, with most students never moving beyond the introductory courses in these subjects. Bragg noted that relatively few 2-yr colleges offer special mathematics programs providing support for minorities or women (11% and 6%, respectively). In contrast, 90% of the 2-yr college mathematics programs require diagnostic or placement testing. An increasing number of researchers are raising questions about the use and value of these tests, said Bragg, and about their contributions to student defections from mathematics. However, about 14% of the mathematics programs offer undergraduate research opportunities, and 20% offer honors sections for their students. The American Mathematical Association of Two-Year Colleges has committed to reforming mathematics education to improve the overall situation.

Bragg made four suggestions for future action on the basis of her observations: Reform of the mathematics curriculum needs to encompass the entire educational system. Without a strategic, collaborative endeavor, it will be difficult for 2-yr colleges to implement and sustain reform, except in isolated ways.More research is needed on teaching and learning in 2-yr college mathematics, especially in college-level mathematics.The characteristics, experiences, and aspirations of students who enroll in 2-yr college mathematics need to be investigated further to understand how they develop the "habits of the mathematical mind" that are required to be successful in all STEM fields.Two-year faculty would benefit from opportunities to engage in research that encourages them to explore and assess new pedagogical strategies in the classroom and how these strategies affect student learning.

### Challenges and Opportunities for Student Transfer from Community Colleges to 4-yr Institutions.

In her analysis of transfer from community colleges to 4-yr institutions, Alicia Dowd cited a recent report from the [@B22] that called for 1) providing quality science and mathematics teaching to all students, 2) improving identification of STEM talent, and 3) creating supportive "ecosystems" through professional development for STEM educators. All three steps are needed to enhance the flow of students from community colleges to 4-yr institutions, she said. Unfortunately, current statistics are far from good news: The transfer rate for the most competitive private institutions has dropped from around 10% of student enrollments in 1990 to a little more than 5% in the most recently available data. Other institutions enroll a higher percentage of transfer students, but the percentages at these institutions have also been declining.

Using survey data collected by NSF from recent college graduates, Dowd and her colleagues have examined degree choice among Latino and Latina students who earn an associate\'s degree prior to transferring to a baccalaureate program. They found that the majority of students who transfer from a 2-yr college to a Hispanic-serving institution and earn a STEM degree do so in the social and behavioral sciences, rather than in engineering or the natural, agricultural, or environmental sciences. She reported that the culture, values, and beliefs of faculty are critical factors contributing to the lack of transfer students in the natural sciences and engineering. Faculty members from both 2- and 4-yr schools need to be partners in redesigning transfer systems, and they need robust evidence about what is effective and what is not. Transfer scholarships focused specifically on STEM fields could be powerful inducements both for students to pursue STEM degrees and for institutions to change their environments in ways that would attract and retain these students. She also suggested that individual development accounts---savings accounts that are matched by public and private sources---could help increase the diversity of students in STEM fields.

Dowd also suggested the creation of evidence-based innovation consortia that would facilitate transformational educational innovations, thereby enabling *all* students to thrive. Consortia or networks composed of community colleges, universities, and open-education resource practitioners could support the adoption and adaptation of evidence-based innovations. These networks would include agencies, organizations, industry, foundations, and others interested in specific topics, such as the reinvention of the mathematics curriculum. They would support the development of effective tools for systemic interventions and could conduct and support research to gather and analyze evidence of innovations\' effects.

Developing Programs That Allow Underrepresented Minority Students to Thrive in STEM
-----------------------------------------------------------------------------------

As keynote speaker, Freeman Hrabowski, President of the University of Maryland, Baltimore County, began his remarks by noting that the demographics of the U.S. population are undergoing a dramatic shift. Ethnic groups currently underrepresented in the sciences soon will make up the majority of school-age children in this country. Drawing from the recent report of a committee that he chaired ([@B15]), Hrabowski pointed out that the proportion of currently underrepresented minorities in science and engineering will need to triple to match their representation in the overall U.S. population. To maintain the strength and vitality of U.S. science and technology, many more of these minority children must not only decide to become scientists and engineers, but must be provided with opportunities and educational pathways that will allow them to succeed. Given the high representation of minority students in community colleges, these institutions will be critical in achieving this goal.

This underrepresentation of minorities in the science and engineering workforce stems from their low participation in science and engineering at every level of the pathways from elementary school to higher education and the workplace. Though underrepresented minorities now account for almost 40% of K--12 students in the United States, they earn only 27% of the associate\'s degrees from community colleges, only 17% of the bachelor\'s degrees, and only 6.6% of the doctorates in STEM fields.

In 2000, the United States ranked 20th in the world in the percentage of 24-yr-olds who had earned their first college degree in the STEM fields, Hrabowski noted. The report Rising Above the Gathering Storm ([@B14]) called on the United States to raise the percentage of 24-yr-olds with a first degree in STEM from 6% to 10%. This would require a tripling, quadrupling, or quintupling of the percentages for underrepresented minorities, which are 2.7% for African Americans, 3.3% for Native Americans, and 2.2% for Latinos.

Since the 1980s, underrepresented minorities have aspired to major in science and engineering at about the same proportions as their white and Asian American peers, Hrabowski observed. Yet they complete STEM degrees in lower proportions than whites and Asian Americans. Five years after matriculating, only about 20% of underrepresented minorities who intended to earn a STEM degree have done so, compared with about 33% of whites and slightly more than 40% of Asian Americans. Hrabowski ascribed part of this attrition to the culture of science and engineering in college. A large part of the problem is the "weed-out" mentality still held by many college faculty in these subjects, he said.

The problem is urgent, Hrabowski said. A national effort to address underrepresented minority participation and success in STEM fields needs to be initiated and sustained. This effort must focus on all segments of the pathways, all stakeholders, and the potential of all programs, whether targeted at underrepresented minorities or at all students. Students who have had less exposure to STEM and to postsecondary education than others require more intensive efforts at each level to provide adequate preparation, financial support, mentoring, social integration, and professional development. Evaluations of STEM programs, along with increased research on the many dimensions of underrepresented minorities\' experiences, are needed to ensure that programs are well informed, well designed, and successful.

Colleges and universities need to increase the inclusiveness of their programs and the success of underrepresented students in STEM fields. College personnel have a tendency to say that the problem is at the K--12 level, but Hrabowski disagreed. K--12 education does need to be improved, but he contended that more students are better prepared to go to college than postsecondary faculty and administrators think. According to a recent study that he cited by [@B11], the larger the number of Advanced Placement credits a student has taken, the higher her/his SAT score, and the more selective the university, the greater the probability that a student will leave science as an undergraduate. "It is not just a matter of preparation."

Hrabowski cited several challenges that are particularly acute for community colleges: Inadequate levels of mathematical preparation. This is a problem for almost all colleges and universities, but it is an especially difficult problem at community colleges.Balancing the preparation of students for further study at 4-yr colleges and graduate schools, while also offering what for many students will be terminal 2-yr degrees and certificates for the technical workforce.

Several federal programs facilitate the transfer of underrepresented minorities from community colleges to 4-yr institutions, Hrabowski noted. These include programs such as the Bridges to the Baccalaureate[^11^](#FN11){ref-type="fn"} and the Community College Summer Enrichment Program at NIH.[^12^](#FN12){ref-type="fn"} Increasing numbers of community colleges have mounted promising initiatives, he noted, such as Miami Dade College\'s Windows of Opportunity program, which helps academically promising, low-income students obtain associate\'s degrees in the arts or in STEM disciplines; several programs at his own university encourage and facilitate student transfer from community colleges. Strategies that promote transfer include grants that allow community college students to work less outside of their academic programs, enabling them to complete their associate\'s degrees in 3 yr and then successfully transfer to complete their 4-yr degrees.

Hrabowski also emphasized the potential for internships to motivate students and prepare them for careers. Internships make students more serious about their work. The needs of industry can be infused into the curriculum, especially when people from business are involved in teaching the courses. Students learn how to work in teams, express themselves clearly, and gain other critical skills that they can use in the workplace (e.g., [@B19]).

CONCLUDING THOUGHTS
===================

New realities in the postsecondary education landscape include the nation\'s changing workforce needs and shifting economy and the increasingly pervasive roles that science and technology are playing in virtually all aspects of our society. These changes have created unprecedented challenges, but also unrealized opportunities to improve education and work opportunities for many more students, especially for those students who will pursue higher education at least partially through community colleges.

As noted in this paper, numerous obstacles are also limiting the realization of what is possible through enhanced cooperation between community colleges and 4-yr institutions. These barriers result in major disincentives for many students who are the nation\'s untapped potential for the STEM workforce. In a presummit survey, several issues were articulated by registrants as requiring immediate attention, including a greater focus on inquiry-based learning in the classroom and lab; teaching STEM content in the context of employable skills; better articulation pathways between 2- and 4-yr institutions; providing better support systems for students and access to the scientific "culture"; making STEM education more visible to community college students and the potential of these students more visible to 4-yr institutions; and building professional communities across institutions to work on these challenges.

Although not always directed exclusively at STEM education, numerous projects and initiatives, supported by federal and state governments and private sources, are now addressing these issues. Through its Educate to Innovate initiative,[^13^](#FN13){ref-type="fn"} the Obama administration has called for greatly increased funding of community colleges to produce more STEM graduates who can enter the workforce or pursue higher degrees in baccalaureate-granting schools. All but six states have now developed some level of articulation agreements that make it easier for graduates of community colleges to transfer their credits to 4-yr institutions (e.g., [@B5]). The Bill and Melinda Gates Foundation has invested millions of dollars over the past several years in major projects to transform developmental/remedial courses,[^14^](#FN14){ref-type="fn"} increase graduation rates in community colleges,[^15^](#FN15){ref-type="fn"} and encourage direct partnerships between community colleges and 4-yr institutions.[^16^](#FN16){ref-type="fn"}

The new realities also suggest that the old pipelines through higher education are being supplanted and superseded by a variety of pathways. With so many more students who hold bachelor\'s degrees returning to community colleges to acquire specific workplace skills, and with some community colleges now offering applied baccalaureate and advanced degrees, higher education needs to focus more of its attention on student success and growth as the primary metric and unit of analysis. The good news is that with creative and imaginative thinking and the will to focus on student success, these pathways also offer institutions of higher education new opportunities to share resources and create new efficiencies in this era of shrinking budgets. Together, faculty and administrators from 2- and 4-yr institutions who are truly concerned about and dedicated to the improvement of student learning and academic achievement in the STEM disciplines will view one another as partners, collaborators, and colleagues.

This summit laid the groundwork for the further exploration of critical issues in this changing STEM education landscape. Although not included in the report, a postsummit survey of participants asking them to envision the next critical steps is posted on the summit\'s website (<http://nas-sites.org/communitycollegessummit>). Hopefully, the combination of the summit report and the ideas that emerged from the survey will offer readers of *CBE-LSE* and their colleagues new avenues for discussion about these issues, which are of critical importance to postsecondary education today and in the future.
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